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Wklv sdshu frqvlghuv wkh h￿hfw ri prqrsro|0surprwlqj h{sruw fdu0
whov rq grphvwlf surgxfwlrq1 Lw lv dujxhg wkdw h{sruw fduwhov idflolwdwh
wdflw frooxvlrq e| prqlwrulqj ghihfwlrqv pruh h!flhqwo|1 Wklv vodfnhqv
wkh lqfhqwlyh frqvwudlqw ri wdflw frooxvlrq1 Rswlpl}lqj ￿upv frpshwlqj
erwk lq wkh grphvwlf dqg h{sruw pdunhwv zloo riwhq xvh wkh lqfuhdvhg
srvvlelolw| iru frooxvlrq lq erwk pdunhwv1 D frqglwlrq lv jlyhq xqghu
zklfk wklv lv wkh fdvh1
￿L dp judwhixo wr Pruwhq Kyllg dqg Plfkdho Zdwhuvrq iru yhu| khosixo frpphqwv dqg
vxjjhvwlrqv1
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44 Lqwurgxfwlrq
H{sruw fduwhov duh ohjdo lq pdq| frxqwulhv/ zklfk surklelwv ru uhvwulfwv fduwhov
lq wkhlu grphvwlf pdunhwv1 Wklv lv wkh fdvh iru lqvwdqfh lq prvw Hxurshdq
frxqwulhv/ Mdsdq dqg wkh Xqlwhg Vwdwhv1 Wkh uhdvrq iru wklv dv|pphwu| lv
suredeo| wkdw d fduwho riwhq kxuwv wkh frqvxphuv1 Zkloh wkh grphvwlf fduwho
kxuwv grphvwlf frqvxphuv/ wklv lv qrw +gluhfwo|, wkh fdvh iru wkh h{sruw fduwho1
D jryhuqphqw zkr zdqwv wr surprwh wkh zhoiduh ri lwv rzq flwl}hqv zloo
wkhuhiruh eh pruh dgyhuvh wr grphvwlf fduwhov wkdq h{sruw fduwhov1 Wklv sdshu
dujxhv wkdw wkh irupdwlrq ri dq h{sruw fduwho pd| zhoo dhfw wkh grphvwlf
pdunhw dqwl0frpshwlwlyho| wkurxjk vsloo ryhu hhfwv ri wdflw frooxvlrq1
Lq wkh Xqlwhg Vwdwhv h{sruw fduwhov zhuh ohjdol}hg e| wkh Zhee0Srphuhqh
H{sruw Wudgh Dfw ri 4<4;1 Frqjuhvv irxqg wkdw wkh ehqhw wr h{sruwhuv lq0
foxghg phpehuv zrxog eh deoh wr rhu dqg uhfhlyh kljkhu vhoolqj sulfhv wkdq
wkh| zrxog li wkh| zhuh irufhg wr frpshwh djdlqvw hdfk rwkhu +X1V Ihghudo
Wudgh Frpplvlrq 4<9:,14 Wkh idfw wkdw wkh h{sruw fduwho kxuw iruhljq frq0
vxphuv/ zhuh qrw vhhq dv d sureohp1 Krzhyhu/ wkhuh zdv dq dzduhqhvv wkdw
wkh h{sruw fduwhov vkrxog qrw vsuhdg wkhlu dfwlylw| wr wkh grphvwlf pdunhw/
wkh fduwhov zhuh surklelwhg iurp uhvwudlqlqj wudgh zlwklq wkh Xqlwhg Vwdwhv
dqg dhfwlqj wkh grphvwlf sulfh duwlfldoo|1 Lq wkh ghedwhv suhfhhglqj wkh
sdvvlqj ri wkh eloo vhqdwru Fxpplqv ri Lrzd khog wkdw= lw lv xwwhuo| lpsrvvl0
eoh wr glvvrfldwh wkh dfwlylw| ri dq dvvrfldwlrq rujdql}hg iru h{sruw wudgh dqg
wkh lqgxvwulhv fduulhg rq iru frqvxpswlrq zlwklq wkh Xqlwhg Vwdwhv5 Odwhu
frphqwdwruv kdyh dovr srlqwhg wr wkh qhjdwlyh hhfwv rq wkh grphvwlf pdunhw/
4L rzh wklv flwdwlrq wr Glfn +4<<9,1
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5vhh h1j1 Irxuqlhu +4<65, dqg Oduvvrq +4<:3,1 Irxuqlhu/ s 66/ qgv wkdw wkh
Zhee0Srphuhqh dfw kdv pdwhuldoo| hqkdqfhg wkh sureohp ri dqwl0wuxvw odz
hqirufhphqw zlwklq wkh Xqlwhg Vwdwhv1 Kh ixuwkhupruh dujxhv wkdw wkh dfw
dqg lwv lqwhusuhwdwlrq kdv hqgdqjhuhg wkh wkh pdlqwhqdqfh ri frpshwlwlyh
pdunhwv lq wkh Xqlwhg Vwdwhv1
Ruljlqdoo|/ Frqjuhvv vwlsxodwhg wkdw wkh h{sruw fduwhov zrxog qrw dg0
yhuvho| ru lqwhqwlrqdoo| dhfw grphvwlf sulfhv1 Krzhyhu/ lq 4<57 dq IWF
dgylvru| rslqlrq irxqg wkdw dq h{sruw fduwho zklfk lqflghqwldoo| ru lqgluhfwo|
uhvwulfwv grphvwlf sulflqj zrxog qrw ylrodwh wkh dfw1 Frxuwv ixuwkhupruh rq
vhyhudo rffdwlrqv uhmhfwhg dujxphqwv wkdw h{sruw fduwhov zhuh oldeoh iru gr0
phvwlf wudgh dhfwv1 Oduvrq +4<:3, qrwhv wkdw wkh IWF dgplqlvwhuhg wkh dfw
yhu| orrvho|1 Khqfh/ lw vhhpv wkdw dowkrxjk wkh dxwkrulwlhv zhuh dzduh ri wkh
srvvleoh hhfwv rq grphvwlf wudgh/ wkh| glg qrw lqwhuyhqh1
Dxtxlhu dqg Fdyhv +4<:;, dvnv Exw fdq wkh vdph jurxs ri hqwhusulvhv eh
shuplwwhg wr rujdql}h d fduwho wr h{sorlw iruhljq pdunhwv dqg |hw suhyhqwhg
iurp uhfrjqlvlqj wkhlu pxwdo ghshqghqfh dw krphB Wkh| qg wkdw roljrsro|
wkhru| vxjjhvwv d qhjdwlyh dqvzhu dqg dovr qg wkdw wkh dydlodeoh fdvh vwxg0
lhv ri Xqlwhg Vwdwhv lqgxvwulhv frqup wkdw frooxvlrq lq h{sruw pdunhwv vsloov
ryhu wr grphvwlf pdunhwv61 Glfn +4<<9, dqdo|}hv 444 X1V1 fduwhov iruphg
xqghu wkh Zhee0Srphuhqh Dfw1 Klv pdlq sxusrvh lv wr dvvhvv zk| vrph
fduwhov vxuylyh iru d orqj shulrg/ zkhuhdv rwkhuv txlfno| ydqlvk1 Dprqj klv
qglqjv duh wkdw wkh yduldelolw| lq X1V1 grphvwlf surgxfw dv zhoo dv wkh wlp0
lqj ri wkh X1V1 exvlqhvv f|foh kdv lq xhqfh rq h{sruw fduwho vwdelolw|1 Kljkhu
yduldelolw| lq X1V1 grphvwlf surgxfw ohdgv wr odujhu h{sruw fduwho vwdelolw|1
6Sdjh 8:408:5
6Glfn lqwhusuhwv wklv qglqj dv wkh h{sruw fduwhov idflolwdwhg grphvwlf wdflw
frooxvlrq1
Vkhuhu dqg Urvv +4<<3, +ss 6460647, phqwlrq vhyhudo lqvwdqfhv zkhuh
h{sruw fduwhov ohdg wr ohvv grphvwlf frpshwlwlrq1 Wkh| uhihu wr Pdukdp
+4<BB, dqg qg wkdw Dphulfdq ud|rq surgxfhuv dovr sduwlflsdwhg/ gluhfwo|
ru wkurxjk d!oldwhv/ lq fduwho duudqjhphqwv lq qdwlrqv zkhuh wkh| zhuh ohjdo/
dqg wklv frooderudwlrq deurdg hqjhqghuhg frrshudwlyh dwwlwxghv lq wkh gr0
phvwlf pdunhw1 Wkh| txrwh Vwrfnlqj dqg Zdwnlqv +4<84, iru d fdvh zkhuh
wkh irupdwlrq ri h{sruw fduwhov ohdg wr lqfuhdvhg grphvwlf sulfhv1 Wkh fdvh
frqfhuqv wkh XV1 vxoiru lqgxvwu| zkhuh wkuhh upv sulru wr wkh irupdwlrq
ri dq h{sruw fduwho frpshwhg yljrurxvo| ehwzhhq 4<46 dqg 4<551 Diwhu wkh
irupdwlrq ri wkh ohjdo h{sruw fduwho wkh| zhuh deoh wr pdlqwdlq kljk grphvwlf
sulfhv hyhq wkurxjk wkh ghsuhvvlrq ri wkh wkluwlhv1 Djdlq dffruglqj wr Vkhuhu
dqg Urvv/ Wkh X1V1 Frxqflo rq Zdjh dqg Sulfh Vwdelolw| Vwd Uhsruw= Dox0
plqxp Sulfhv +4<:9, eholhyhg wkdw h{whqvlyh lqwhuwzlqlqj ri qhduo| doo wkh
X1V1 sulpdu| doxplqxp lqjrw surgxfhuv lq mrlqw edx{lwh plqlqj dqg doxplqd
uhqlqj yhqwxuhv ryhuvhdv zdv d sodxvleoh sduwldo h{sodqdwlrq iru wkh devhqfh
ri yljrurxv sulfh glvfrxqwlqj gxulqj shulrgv ri vxevwdqwldo h{fhvv fdsdflw|1
Vkhuhu dqg Urvv dwwulexwh wkh grphvwlf rxwfrph wr wkh h{sruw fduwho kdylqj
irvwhuhg wkh vslulw ri frrshudwlrq qhfhvvdu|1 Wkh| hpskdvlvh wkh vrfldo frq0
wdfwv zklfk uhvxowv iurp wkh h{sruw fduwho1 Wkh dqdo|vlv ri wkh suhvhqw sdshu
vkrzv wkdw wklv vslulw pd| yhu| zhoo kdyh frph iurp wkh uhohydqw lqfhqwlyh
frqvwudlqwv1
Lq klv vwxg| ri Zhee0Srphuhqh fduwhov Oduvrq +4<:3, dovr vwuhvvhv wkh
grphvwlf hhfwv ri wkh h{sruw fduwhov1 Kh frqfoxghv +s1 7<:, wkdw wkh
7dqdo|vlv ri vxoskru/ srwdvk dqg skrvskdwh lqglfdwhv wkdw hhfwlyh dvvrfldwlrqv
whqg wr lqyroyh dqwlfrpshwlwlyh grphvwlf hhfwv1 Dprqj rwkhu hslvrghv/ kh
phqwlrqhv +s 7<5, wkdw diwhu wkh vxskru fduwho zdv uhrujdql}hg lq 4<8;/ sulfh
frphswlwlrq zdv hqghg lq grphvwlf dqg ryhuvhdv pdunhwv1
Lq frqfoxvlrq/ wkh olwhudwxuh uhsruwv hylghqfh wkdw wkh irupdwlrq ri h{sruw
fduwhov pd| zhoo 0 dqg kdyh vrphwlphv 0 dhfw wkh grphvwlf pdunhw dqwl0
frpshwlwlyho|1 Li wkhuh duh vsloo ryhu hhfwv ehwzhhq pdunhwv/ dq h{sruw fduwho
zloo prvw vxuho| dhfw wkh grphvwlf pdunhw/ hyhq wkrxjk wkh fduwho grhv
qrw irupdoo| lqfoxgh wkh grphvwlf pdunhw1 Wkh sxusrvh ri wklv sdshu lv wr
dqdo|}h wkh hhfwv ri vxfk vsloo ryhuv1 Wkh irfxv zloo eh zkhwkhu wkh fulwlfv ri
h{sruw fduwhov duh uljkw lq suhvxplqj wkdw wkhvh fduwhov pd| zhoo kdyh dgyhuvh
hhfwv rq grphvwlf pdunhwv wkdw kxuw grphvwlf frpvxphuv1 Hylghqwo|/ wklv
lv lpsruwdqw lq hydoxdwlqj zkhwkhu h{sruw fduwhov vkrxog eh edqqhg ru qrw/
dv dovr hylghqfhg e| wkh ghedwh sulru wr wkh sdvvlqj ri wkh Zhee0Srphuhqh
dfw uhihuuhg wr deryh1 Lw lv jhqhudo| dfnqrzohgjhg wkdw rqh frxqwu|*v h{sruw
fduwho pd| kxuw wkh lpsruwlqj frqwulhv/ dqg d jurxs ri frxqwulhv wkhuhiruh
pd| jdlq iurp pxwxdoo| edqqlqj h{sruw fduwhov1 Lq vr idu dv h{sruw fduwhov
+dovr, kxuw grphvwlf frqvxphuv wkh srolwlfdo dujxphqw lq idyru ri edqqlqj
wkhp jdlqv vxssruw1 Zh vkrz wkdw lw pd| yhu| zhoo eh wkdw h{sruw fduwhov
kxuw grphvwlf frqvxphuv1
Glfn +4<<5, dujxhv wkdw rqh vkrxog glvwlqjxlvk ehwzhhq h!flhqf|0hqkdqflqj
dqg prqrsro|0surprwlqj h{sruw fduwhov1 Wkh iruphu surylghv vdohv vhuylfhv/
surprwlrq dqg frvw0uhgxfwlrq iru wkh phpehuv/ zkr w|slfdoo| kdyh d qrq0
grplqdqw pdunhw vkduh lq wkh iruhljq pdunhw/ zkloh wkh odwwhu kdv d odujh
pdunhw vkduh dqg h{huflvhv prqrsro| srzhu1 Lq wklv sdshu zh zloo frqvlghu
8wkh odwwhu nlqg1 Zh zloo frqvlghu wkh fdvh zkhuh wzr upv vhoo erwk lq wkh
grphvwlf dqg wkh h{sruw pdunhw1
Ohjlvodwlrq uhjduglqj h{sruw fduwhov glhu lq glhuhqw frxqwulhv1 Lq vrph
frxqwulhv/ wkh ohjdo dxwkrulwlhv zloo khos hqirufh fduwho djuhhphqwv/ dv lq wkh
fdvh ri wkh Mdsdqhvh h{sruw fduwhov/ vhh Mdtxhplq/ Qdpex dqg Ghzh} +4<;4,/
zkhuhdv wklv lv qrw vr lq rwkhuv1 Lq wkh X1V1 wkh Zhee0Srphuhqh H{sruw
Wudgh Dfw ri 4<4; ohjdol}hv h{sruw fduwhov/ li wkh| duh uhjlvwuhg/ exw frxuwv
zloo qrw hqirufh wkh fduwho djuhhphqwv1 Wklv udlvhv wkh txhvwlrq ri zklfk lv
wkh dssursuldwh zd| wr prgho d fduwho1 Lq p| ylhz/ d uhdolvwlf prgho kdv
wr wdnh lqwr dffrxqw wkdw pdunhw frqwdfw lv qrw d rqfh dqg iru doo hyhqw1
Ilupv kdyh wkh rssruwxqlw| wr frooxgh wdflwo| hyhq zkhq qr fduwho lv iruphg1
Vrphwlphv vxfk frooxvlrq lv uhihuuhg wr dv d fduwho1 L zloo qrw gr wkdw/ dv L
zloo glvwlqjxlvk ehwzhhq wkh irupdo fduwho dqg wdflw frooxvlrq1 Wkh ylhzsrlqw
ri wklv sdshu lv wkdw ohjlvodwlrq olnh Wkh Zhee0Srphuhqh dfw idflolwdwhv wkh
irupdwlrq ri fduwhov/ exw wkh fduwho pxvw surylgh wkh hqirufhphqw phfkdqlvp
lwvhoi/ zklfk pxvw frqvlvw ri vx!flhqw sxqlvkphqwv li d up uhqhjhv rq wkh
fduwho djuhhphqw1 Xqghu wdflw frooxvlrq/ wkh pdlq sureohp iru wkh fduwho lv
wr prqlwru dqg sxqlvk ghihfwlrqv iurp wkh frooxvlyh dfwlrq1 Wkh dfw frxog eh
vhhq dv idflolwdwlqj prqrwrulqj dqg wkxv khoslqj suhyhqwlqj ghyldwlrqv1 Rqh
zd| wr prgho wklv lv wr vd| wkdw ghihfwlrqv duh ghwhfwhg idvwhu/ glplqlvklqj
wkh jdlqv iurp ghihfwlrq rq wkh frooxvlyh dfwlrq1 Li ghihfwlrqv duh ghwhfwhg
lpphgldwho|/ wkh jdlqv iurp ghihfwlrq glvdsshdu dowrjhwkhu1 Wkxv/ lq wklv
sdshu/ dq h{sruw fduwho lv prghoohg dv dq lqvwlwxwlrq zklfk hqdeohv idvwhu
ghwhfwlrq ri d ghihfwlrq iurp wkh frooxvlyh dfwlrq lq wkh h{sruw pdunhw1 Rq
wkh rwkhu kdqg/ vlqfh grphvwlf fduwhov duh surklelwhg e| odz/ zh zloo dvvxph
9wkdw wkh fduwho grhv qrw khos prqrwrulqj ghihfwlrqv lq wkh grphvwlf pdunhw1
Wkh sdshu zloo dvvhv wkh frqvhtxhqfhv ri dq h{sruw fduwho e| pdnlqj frp0
sdulvrq zlwk wkh fdvh ri qr h{sruw fduwho1 Lpsruwdqwo|/ zh dvvxph wkdw hyhq
lq wklv fdvh/ wkh upv zloo frooxgh wdflwo| lq erwk wkh h{sruw dqg wkh grphvwlf
pdunhw1 Wkh frpsdulvrq lv qrw pdgh zlwk wkh rqh vkrw vwdwlf Frxuqrw0Qdvk
htxloleulxp1 Dv lv zhoo nqrzq/ wdflw frooxvlrq wdnhv wkdw wkh jdlqv iurp gh0
yldwlrq iurp frrshudwlyh sod| lv rxwzhljkhg e| d ixwxuh sxqlvkphqw1 Lq wklv
sdshu zh zloo frqfhqwdwh rq vlpsoh wuljjhu0vwudwhj| htxloleuld/ zkhuh ghyl0
dwlrqv iurp d frooxvlyh dfwlrq duh sxqlvkhg e| uhyhuvlrq wr d sxqlvkphqw
skdvh zlwk vrph jlyhq suhvhqw ydoxh ri surwv1 Wklv frxog h1j1 eh uhyhuvlrq
wr wkh Frxuqrw0Qdvk htxloleulxp lq doo ixwxuh shulrgv d od Iulhgpdq +4<:<,1
Dowkrxjk lw lv e| qr phdqv qhfhvvdu| iru wkh dujxphqw/ L zloo iru hdvh ri h{0
srvlwlrq frqvlghu wkh fdvh zkhuh wkh upv fkrrvh txdqwlwlhv1 Zh zloo dvvxph
+dv gr iru lqvwdqfh Iduuhoo dqg Vkdslur +4<<3,, wkdw zkhq upv irup irupdo
fduwhov/ lw lv ehfdxvh wkh| jdlq iurp lw1 Khqfh/ li dq h{sruw fduwho lv iruphg/
wklv lv ehfdxvh wkh upv fdqqrw dfklhyh wkh prqrsro| rxwfrph wkurxjk rugl0
qdu| wdflw frooxvlrq1 Wkh orjlfdo lpsolfdwlrq lv wkdw wkh lqfhqwlyh frqvwudlqw
ri wdflw frooxvlrq lv elqglqj1
Wkh irupdwlrq ri dq h{sruw fduwho pdnhv ghwhfwlrq ri d ghihfwlrq iurp
frooxvlyh sod| idvwhu lq wkh h{sruw pdunhw1 Wklv phdqv wkdw wkh jdlqv iurp
d ghyldwlrq lv vpdoohu1 Rq wkh rwkhu kdqg/ wkh sxqlvkphqw lv vxssrvhg qrw
wr fkdqjh1 Li wkh lqfhqwlyh frqvwudlqw ri wdflw frooxvlrq lv elqglqj lq wkh
devhqfh ri d fduwho/ wkh lqwurgxfwlrq ri d fduwho zloo pdnh lw vodfn1 Wklv
phdqv wkdw lw lv srvvleoh wr frooxgh rq hyhq pruh surwdeoh dfwlrqv1 Wkh
lpsruwdqw txhvwlrq ri wkh sdshu lv krz wkh upv zloo rswlpdoo| xvh wklv
:srvvlelolw| wr frooxgh pruh surwdeo|1 Zloo wkh| uhgxfh h{sruwv/ grphvwlf
vdohv ru erwkB D jhqhudo dqvzhu fdqqrw eh jlyhq1 Krzhyhu/ lw lv vkrzq wkdw
li wkh pdunhwv duh vx!flhqwo| vlplodu  lq d zhoo0ghqhg vhqvh 0 wkh upv
zloo uhgxfh surgxfwlrq erwk lq wkh h{sruw dqg wkh grphvwlf pdunhw1 Khqfh/
wkh irupdwlrq ri dq h{sruw fduwho zloo ohdg wr lqfuhdvlqj grphvwlf sulfhv dqg
kxuw grphvwlf frqvxphuv1 Wkh sdshu surylghv wzr vlpsoh h{dpsohv zlwk
olqhdu ghpdqg dqg frqvwdqw uhvshfwlyho| ghfuhdvlqj uhwxuqv wr vfdoh zklfk
ixooo wkh frqglwlrqv uhjdugohvv ri sdudphwhu ydoxhv1 Wkh edvlf phvvdjh ri
wkh sdshu lv wkdw w|slfdoo| wkh grphvwlf pdunhw zloo eh dhfwhg lq dq dqwl0
frpshwlwlyh gluhfwlrq e| wkh irupdwlrq ri dq h{sruw fduwho/ li wklv h{sruw
fduwho lv iruphg lq rughu wr eh prqrsro|0surprwlqj udwkhu wkdqg h!flhqf|
hqkdqflqj1
Wkhuh lv e| qrz txlwh d odujh olwhudwxuh rq pxolwl0pdunhw frqwdfw/ vrph
frqfhuqv vwdwlf vhwwlqjv/ vhh qrwdeo| Exorz/ Jhdqdnrsrorv dqg Nohpshuhu
+4<;8,1 Irupdwlrq ri fduwhov lq d vwdwlf vhwwlqj lv wuhdwhg lq Iduuhoo dqg
Vkdslur +4<<3,1 Wkh vhplqdo sdshu rq pxowl0pdunhw frqwdfw lq uhshdwhg
vhwwlqjv lv Ehuqkhlp dqg Zklqvwrq +4<<3,1 Dv wkh uhdghu zloo qrwh/ wkh
dqdo|vlv suhvhqwhg khuh rzh txlwh d orw wr Ehuqkhlp dqg Zklqvwrq*v sdshu1
Dqrwkhu uhodwhg sdshu lv Vfkplgw dqg Vfkqlw}hu +4<<8, zkr rhuv dq dqdo|vlv
ri h{solflw dqg lpsolflw frqwudfwv lq d uhshdwhg sulqflsdo0djhqw prgho zlwk
sduwldoo| frqwudfwleoh dfwlrqv1 Wkh| vkduh wkh lghd wkdw wkh dowhuqdwlyh wr d
irupdo frqwudfw wkh ehvw srvvleoh vxejdph shuihfw htxloleulxp ri wkh uhohydqw
uhshdwhg jdph udwkhu wkdq wkh vwdwlf htxloleulxp1 Krzhyhu/ lq wkhlu fdvh
wkh frqwudfw ohdgv wr frpplwphqw1 Dv dujxhg deryh/ L gr qrw wklqn wklv
lv dssolfdeoh wr wkh fdvh ri h{sruw fduwhov1 H{sruw fduwhov duh wuhdwhg lq
;d qxpehu ri wkhruwlfdo sdshuv/ riwhq olqnhg wr d glvfxvvlrq ri wdulv dqg
vxevlglhv/ vhh h1j1 1 L dp qrw dzduh ri rwkhu sdshuv dujxlqj wkdw wkh uljkw
zd| ri irupdol}lqj d irupdo h{sruw fduwho lv wkdw wkh wlph lw wdnhv wr ghwhfw
d ghyldwlrq iurp frooxvlyh sod| lv ghfuhdvhg1
Wkh rujdql}dwlrq ri wkh sdshu lv dv iroorzv1 Vhfwlrq 5 vhwv xs wkh prgho1
Lq vhfwlrq 6 wkh fdvh ri wdflw frooxvlrq lq erwk pdunhwv lv wuhdwhg1 Vhfwlrq
7 lqwurgxfhv wkh irupdo h{sruw fduwho1 Vhfwlrq 8 surylghv wkh h{dpsoh zlwk
frqvwdqw uhwxuqv wr vfdoh> vhfwlrq 9 wkh h{dpsoh zlwk lqfuhdvlqj pdujlqdo
frvw1 Vhfwlrq : frqfoxghv1
5 Edvlfv
Frqvlghu wzr upv/ 4 dqg 5/ hdfk surgxflqj wr d grphvwlf dqg dq h{sruw
pdunhw1 Iru frqfuhwhqhvv/ L vhw xs wkh prgho dv rqh ri Frxuqrw0frpshwlwlrq/
krzhyhu/ dv zloo eh fohdu/ wklv lv qrw fuxfldo iru wkh dujxphqw1 Dw hdfk srlqw
lq wlph wkh upv fkrrvh grphvwlf dqg h{sruw surgxfwlrq/ iru up  wkhvh
duh ghqrwhg ^￿ dqg ^W
￿c uhvshfwlyho|71 Wkh upv kdyh wkh vdph frvw ixqfwlrq
SE^ n ^Wc zkhuh S￿ : fc dqg S￿￿  f Lq hdfk pdunhw/ wkh sulfh R lv jlyhq e|
dq lqyhuvh ghpdqg fxuyh/







zkhuh R￿ 	 f dqg RW￿ 	 f
Wkh surw ri up 4 lq d shulrg lv ZE^￿c^W
￿c^ 2c^W




￿S E ^ ￿n^ W
￿ Jlyhq ^2c^ W
2 up 4*v ehvw uhvsrqvh iru erwk pdunhwv vlpxo0
7Doo yduldeohv zlwkrxw dq dvwhulvn uhihu wr wkh krph pdunhw/ yduldeohv zlwk dq dvwhulvn
uhihu wr wkh h{sruw pdunhw
<wdqhrxvo|/ E-E^2c^ W












Wkh uhvxowlqj surw lv fdoohg wkh ghihfwlrq surw/ Z_E^2c^ W


















￿E - E ^ 2c^
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L zloo frqfhqwudwh rq v|pphwulf htxloleuld1 D up*v surw dw v|pphwulf
surgxfwlrq ohyhov/ ^c^Wc lv ZrE^c^W'Z E ^c^Wc^c^WcZ rlv dvvxphg wr eh
vwulfwo| frqfdyh1 Li wkh upv mrlqwo| ehkdyh dv d prqrsrolvw +xvlqj erwk
surgxfwlrq idflolwlhv lq rughu wr nhhs pdujlqdo frvw orz, wkh| hdfk hduq wkh
prqrsro| surw shu up Z6
Z




Wlph uxqv frqwlqrxvo| iurp f wr lqqlw|/ dqg hdfk up lv lqwhuhvwhg lq wkh
glvfrxqwhg vxp ri surwv/
U "
f Z|e3o|_|c zkhuh o lv wkh frpprq glvfrxqw udwh
6 Wdflw frooxvlrq1
L dvvxph wkdw wkh upv frruglqdwh rq wkh ehvw v|pphwulf vxejdph shuihfw
wuljjhu vwudwhj| htxloleulxp zlwk vrph jlyhq sxqlvkphqw skdvh1 Wkh suhvhqw
ydoxh ri wkh sxqlvkphqw ghshqgv rq krz kduvk wkh sxqlvkphqw lv1 Lw lv zhoo
nqrzq wkdw wkh pruh vhyhuh wkh sxqlvkphqw/ wkh ehwwhu wkh qrupdo skdvh
8￿g
4 lv wkh sduwldo ghulydwlyh zlwk uhvshfw wr wkh ￿uvw dujxphqw1
43fdq eh1 Rq wkh rwkhu kdqg rqh pd| grxew wkh yldelolw| ri d ghydvwdwlqj
sxqlvkphqw skdvh/ vhh h1j1 wkh glvfxvvlrq lq Iduuhoo dqg Pdvnlq +4<;<,1 L
zloo qrw wdnh d vwdqg rq wklv lvvxh/ mxvw dvvxph wkdw wkh sxqlvkphqw skdvh
jlyhv ulvh wr d suhvhqw ydoxh ri wkh sxqlvkphqw htxdo wr R zkhq wkh sxq0
lvkphqw frpphqfhv1 Wkh sxqlvkphqw lv vxssrvhg wr eh lqghshqghqw ri krz
wkh ghyldwlrq zdv grqh1 Vlploduo|/ wkh irupdwlrq ri d irupdo h{sruw fduwho
grhv qrw fkdqjh wkh sxqlvkphqw wkh upv uho| rq1 Wklv zrxog iru h{dpsoh
eh wkh fdvh li wkh sxqlvkphqw frqvlvwv ri lqqlwh uhshwlwlrq ri wkh Frxuqrw
htxloleulxp/ dv lq Iulhgpdq +4<:4,1
Iluvw/ frqvlghu wkh fdvh zkhuh d irupdo h{sruw fduwho kdv qrw ehhq iruphg1
Frqvlghu dq htxloleulxp zkhuh hdfk up fkrrvhv E^c^W lq wkh qrupdo skdvh
dqg hduqv wkh surw ZrE^c^W1D u p * veh v wg h y l d w l r ql vw rE - E ^c^Wc- WE^c^W
Li d up ghyldwhv/ lw vkrxog gr vr lq erwk pdunhwv/ vlqfh wkh sxqlvkphqw
zloo eh wkh vdph uhjdugohvv ri wkh ghyldwlrq1 Wkh sxqlvkphqw jlyhv ulvh wr
wkh suhvhqw ydoxh R Ohw ZR eh wkh fruuhvsrqglqj lqvwdqwdqhrxv surw/ l1h1
R '
U "
f ZRe3o|_|1 Zkhq wkh up ghyldwhv/ wkhuh lv d ghwhfwlrq odj/ lw wdnhv
vrph wlph iru wkh rwkhu up wr uhdol}h wkdw wkh uvw up kdv ghyldwhg1 Lq wkh
devhqfh ri dq h{sruw fduwho wkh ghwhfwlrq odj lv wkh vdph lq wkh wzr pdunhwv1
W k ho h q j k wr iw k hg h w h f w l r qo d jl v{ Wkh +lqfhqwlyh, frqglwlrq wkdw wkh up


































Wkh whpswdwlrq wr ghyldwh/ wkh ohiw kdqg vlgh/ vkrxog qrw h{fhhg wkh sxq0
lvkphqw iurp d ghyldwlrq/ wkh uljkw kdqg vlgh1 Zh vhh wkdw wkh orqjhu wkh
44ghwhfwlrq odj {c wkh vpdoohu lv e3o{c dqg wkhuhiruh wkh odujhu lv wkh whpswdwlrq




















W vxe +8, +9,
Fdoo wkh vroxwlrq ^E{c^WE{ Li wkh glvfrxqw udwh dqg wkh ghwhfwlrq odj duh
vx!flhqwo| vpdoo/ wkh upv zloo eh deoh wr uhdol}h wkh prqrsro| surwv lq
erwk pdunhwv dqg wkh lqfhqwlyh frqvwudlqw +8, lv qrw elqglqj1 Iru odujhu
ghwhfwlrq odjv dqg glvfrxqw udwhv/ +8, lv elqglqj1
Dvvxph wkdw wkh lqfhqwlyh frqvwudlqw +8, lv elqglqj1 Wkh Odjudqjldq wr






























D ghfuhdvh lq surgxfwlrq/ lqfuhdvhv wkh v|pphwulf surw 0 wklv lv wkh jdlq/
krzhyhu lw dovr lqfuhdvhv wkh ghyldwlrq surw 0 zklfk pd| eh vhhq dv d frvw1
Lq wkh rswlpdo wuljjhu0vwudwhj| htxloleulxp/ wkh pdujlqdo lqfuhdvh lq surw
shu pdujlqdo lqfuhdvh lq ghyldwlrq surw lv wkh vdph iru wkh wzr pdunhwv91
Jdlq shu frvw lv wkh vdph1 Lq sulqflsoh lw pd| ri frxuvh eh wkh fdvh wkdw
wkh prqrsro| surgxfwlrq lv uhdol}hg lq rqh ri wkh pdunhwv hyhq wkrxjk wkh
lqfhqwlyh frqvwudlqw lv elqglqj1 Wklv lv d nqlih0hgjh fdvh dqg L zloo glvuhjdug
lw1
9Ehuqkhlp dqg Zklqvwrq +4<<3, ghulyh wklv uhvxow1
457 Wkh h{sruw fduwho
Dv glvfxvvhg lq wkh lqwurgxfwlrq/ wkh ixqfwlrq ri wkh h{sruw fduwho lv wr pdnh
ghyldwlrqv kdughu wr frqfhdo/ vr wkh ghwhfwlrq odj ghfuhdvhv1 Ohw {. eh wkh
ghwhfwlrq odj lq wkh h{sruw pdunhw/ wkhq {. 	 { Lq wkh grphvwlf pdunhw/ rq
wkh rwkhu kdqg/ wkh hhfw pd| glhu iurp fdvh wr fdvh1 Shukdsv wkh jhqhudo
lqirupdwlrq ohyho lqfuhdvhv vx!flhqwo| pxfk gxh wr wkh h{sruw fduwho/ wkdw
dovr ghihfwlrqv khuh duh ghwhfwhg hdvlhu/ shukdsv wklv lv qrw wkh fdvh1 Fohduo|/
li wkh ghwhfwlrq wlph lq wkh grphvwlf pdunhw lv ghfuhdvhg/ wklv lv d vsloo ryhu
hhfw iurp wkh h{sruw fduwho1 Ohw xv wkhuhiruh dvvxph wkdw wkh ghwhfwlrq
wlph lq wkh grphvwlf pdunhw lv xqdhfwhg e| wkh h{sruw fduwho dqg vwloo htxdo
wr { Zkhq d up frqwhpsodwhv wr ghyldwh/ lw kdv vhyhudo rswlrqv1 Lw pd|
ghyldwh lq erwk pdunhwv dw wkh vdph wlph/ lq zklfk fdvh wkh ghwhfwlrq odj
lv {. Lw pd| ghyldwh uvw lq wkh grphvwlf pdunhw dqg hqmr| wkh ehqhwv ri
wkh +ohvv surwdeoh, ghyldwlrq lq d orqjhu shulrg1 Lq wklv fdvh lw zloo zdqw wr
ghyldwh lq wkh h{sruw pdunhw dw odwhvw dw wlph {  {.c exw shukdsv ehiruh/
lq rughu wr hqmr| wkh ehqhwv ri wklv ghyldwlrq1 Zklfk rswlrq lv wkh prvw
surwdeoh/ ri frxuvh/ ghshqgv rq wkh jdlqv iurp ghyldwlrq lq wkh wzr pdunhwv
dqg wkh glhuhqfh lq wkh ghwhfwlrq odj1 Zh zloo dvvxph wkdw wkh irupdwlrq
ri wkh fduwho grhv qrw fkdqjh wkh sxqlvkphqw wkh upv lqwhqg wr xvh lq
fdvh ri ghihfwlrq1 Iru lqvwdqfh/ wkh| vwloo uho| rq uhyhuvlrq wr wkh Frxuqrw
htxloleulxp1 Ohw Z_M ghqrwh wkh lqvwdqwdqhrxv surw iurp d ghyldwlrq lq
wkh grphvwlf pdunhw rqo|1 Li wkh up ghyldwhv dw wlph }hur lq wkh grphvwlf
pdunhw dqg dw wlph K  {. lq wkh h{sruw pdunhw/ zkhuh{.  K  {c wkh















zkhuh doo surwv duh hydoxdwhg dw wkh rswlpdo fduwho rxwsxw +^c^W Glhuhq0




























Li wklv ghulydwlyh lv qhjdwlyh iru doo K lqehwzhhq {. dqg {  {.c wkhq lw lv
prvw surwdeoh wr ghyldwh dw erwk pdunhwv dw wkh vdph wlph1 Wklv lv wkh fdvh








Wkh uljkw kdqg vlgh lv ohvv wkdq rqh1 Wkxv wkh frqglwlrq lv ixooohg li
wkh ghwhfwlrq odj rq wkh h{sruw pdunhw lv vx!flhqwo| orqj dqg zkhq wkh
ghyldwlrq surw frplqj iurp wkh h{sruw pdunhw vx!flhqwo| kljk1 H{suhvvhg
glhuhqwo|/ wkh h{sruw pdunhw lv odujh dqg lpsruwdqw dqg wkh ghwhfwlrq odj lv
qrw qhjoljleoh1 Lq wkh vhtxho zh zloo frqfhqwudwh rq wklv fdvh1
Ohw xv mxvw qrwh/ krzhyhu/ wkdw li wkh ghwhfwlrq odj glvvdshduv lq wkh h{sruw
pdunhw/ {. 'f cwkhq ghyldwlrqv zloo rqo| rffxu lq wkh grphvwlf pdunhw1 Lq
wklv fdvh wkh hhfw ri wkh h{sruw fduwho xqdpeljlrxvo| lv wkdw wkh whpswdwlrq
wr ghyldwh lv uhgxfhg1
Iurp qrz rq zh dvvxph wkdw d ghyldwlrq lq wkh wzr pdunhwv vlpxowdqh0















47Wkh uljkw kdqg vlgh ri wklv frqvwudlqw lv odujhu wkdq wkdw ri +8,> iru d jlyhq
sxqlvkphqw/ wkh ghfuhdvh lq ghwhfwlrq odj lqfuhdvhv wkh suhvhqw ydoxh ri wklv
sxqlvkphqw1 Li wkh lqfhqwlyh frqvwudlqw lv elqglqj/ wkh whpswdwlrq wr ghyldwh/
Z_E^c^WZrE^c^Wc lv ghfuhdvlqj lq wkh surgxfwlrq ohyhov1 Khqfh/ xqghu wkh
frqvwudlqw +<, wkh upv fdq frooxgh rq vpdoohu surgxfwlrq ohyhov wkdq xqghu
wkh frqvwudlqw +8,1 Lq frqfoxvlrq/ uhjdugohvv ri zkhwkhu wkh up ghflghv wr
ghyldwh lq wkh grphvwlf pdunhw rqo| ru lq erwk pdunhwv/ wkh h{sruw fduwho
pdnhv lw srvvleoh wr frooxgh rq pruh surwdeoh dfwlrqv1 Dsulrul rqh fdq
qrw whoo zkhwkhu lw lv rswlpdo wr uhgxfh surgxfwlrq lq rqh ru wzr pdunhwv1
Krzhyhu/ w|slfdoo| erwk pdunhwv zloo eh dhfwhg dv lv fohdu iurp wkh uvw
rughu frqglwlrq +:,1
Fohduo|/ li wkh qhz frqvwudlqw ri wdflw frooxvlrq lv qrw elqglqj diwhu wkh
irupdwlrq ri wkh fduwho surgxfwlrq zloo ghfuhdvh lq erwk pdunhwv dv d frqvh0
txhqfh ri wkh irupdwlrq ri wkh fduwho1 Dvvxph wkhuhiruh wkdw wkh frqvwudlqw
frqwlqxhv wr eh elqglqj1 Ohw ^E^W ghqrwh wkh grphvwlf surgxfwlrq wkdw
pdnhv wkh lqfhqwlyh frqvwudlqw ixooohg/ zkhq wkh h{sruw ohyho lv ^W Iurp wkh



































_^W : f/ wkh wkh surgxfwlrqv lq wkh wzr pdunhwv pryh lq wkh vdph gluhfwlrq/
dqg zloo wkxv erwk eh vpdoohu li wkh h{sruw fduwho lv iruphg1 Xqiruwxqdwho|/
_^
_^W fdqqrw uhdglo| eh vljqhg1 Krzhyhu/ li wkh pdunhwv duh lghqwlfdo/ wkhq
wkh qxphudwru dqg wkh ghqrplqdwru lv wkh vdph lq
_^
_^Wc lq zklfk fdvh
_^
_^W :
f Rwkhuzlvh/ zh nqrz wkdw Zr
￿￿cZ r
22 duh qhjdwlyh iurp wkh vhfrqg rughu
frqglwlrqv1 Vlploduo|/ Z_
￿ dqg Z_
2 duh qhjdwlyh/ dqg iurp +:, zh fdq wkhq
48frqfoxgh wkdw vr duh erwk Zr
￿ dqg Zr
2 +dw ohdvw rqh ri wkhp duh qhjdwlyh/ dqg
i u r p+ : ,w k h l uv l j q vd u hh t x d o , 1W k hf u r v vg h u l y d w l y h vg h s h q g vr qw k ho l q n d j h v
ehwzhhq wkh pdunhwv1 E| dvvxpswlrq wkhvh olqndjhv rqo| rffxu wkurxjk wkh
frvw ixqfwlrq1 Li wkhuh lv frqvwdqw pdujlqdo frvw +frqvwdqw uhwxuqv wr vfdoh/






















































































































Vr wkh surgxfwlrq zloo uhvsrqg lq wkh vdph gluhfwlrq lq wkh wzr pdunhwv
wr d fkdqjh lq wkh lqfhqwlyh frqvwudlqw li dqg rqo| li wkh hodvwlflw| ri wkh
pdujlqdo frooxvlyh surw lv odujhu +vpdoohu, wkdq wkh hodvwlflw| ri pdujlqdo
ghyldwlrq surw lq erwk pdunhwv1 Zk| lv wklvB Uhpehpehu wkh rswlpdolw|
frqglwlrq iru wkh fduwho +:,1 Wkh fduwho fkrrvhv d glvwulexwlrq ri surgxfwlrq
ehwzhhq wkh wzr pdunhwv zklfk edodqfhv wzr frqvlghudwlrqv1 D ghfuhdvh
lq surgxfwlrq lq d pdunhw/ lqfuhdvhv wkh v|pphwulf surw 0 wklv lv wkh jdlq/
krzhyhu lw dovr lqfuhdvhv wkh ghyldwlrq surw 0 zklfk pd| eh vhhq dv d frvw1 Lq
wkh rswlpdo wuljjhu0vwudwhj| htxloleulxp/ wkh pdujlqdo lqfuhdvh lq surw shu
pdujlqdo lqfuhdvh lq ghyldwlrq surw lv wkh vdph iru wkh wzr pdunhwv1 Zkhq
49wkh ghyldwlrq frqvwudlqw ehfrphv pruh vwulfw/ surgxfwlrq dgmxvwv vxfk wkdw
pdujlqdo lqfuhdvh lq surw shu pdujlqdo lqfuhdvh lq ghyldwlrq surw djdlq
lv wkh vdph1 Zkhwkhu wklv lv grqh e| lqfuhdvlqj ru ghfuhdvlqj surgxfwlrq
ghshqgv rq krz wkhvh pdujlqdo surwv dgmxvw/ dqg wklv lv h{dfwo| jlyhq e|
wkh hodvwlflwlhv1
Li wkhuh lv ghfuhdvlqj uhwxuqv wr vfdoh/ vr pdujlqdo frvw lv lqfuhdvlqj wkhq
wkh furvv ghulydwlyhv Zr
￿2 dqg Z_
￿2 duh qrw qhfhvvdulo| }hur Lq wklv fdvh +43,
|lhogv wkdw
_^






















































































































































































































Frpsdulqj zlwk +44,/ zh vhh wkdw wklv lv hvvhqwldoo| wkh vdph frqglwlrq1 Wkh
qhz ihdwxuh lv wkh dgmxvwphqw iru wkh furvv pdunhw hhfw1 Wkh hodvwlflw| ri
4:wkh pdujlqdo surw qhw ri wkh furvv pdunhw pdujlqdo surw hhfw ohvv wkh
hodvwlflw| ri pdujlqdo ghyldwlrq surw qhw ri furvv pdunhw hhfw vkrxog kdyh
wkh vdph vljq rq erwk pdunhwv1
Lq frqfoxvlrq/ li lqfhqwlyh frqvwudlqw ri wdflw frooxvlrq lv elqglqj ehiruh
dv zhoo dv diwhu wkh irupdwlrq ri wkh h{sruw fduwho/ surgxfwlrq zloo eh uh0
gxfhg lq erwk pdunhwv li wkh| duh vx!flhqwo| dolnh1 Wkh fuxfldo ihdwxuh khuh
lv prvw wudqvshudqw lq wkh fdvh ri frqvwdqw uhwxuqv iru vfdoh1 Wkh glhuhqfh
ehwzhhq wkh hodvwlflw| ri wkh pdujlqdo surw dqg wkh hodvwlflw| ri pdujlqdo
ghyldwlrq surw vkrxog kdyh wkh vdph vljq lq erwk pdunhwv1 Zkhq wkhuh
lv ghfuhdvlqj uhwxuqv wklv frqglwlrq ehfrphv prglhg e| vrph furvv pdunhw
hhfwv/ vwhplqj iurp wkh frvw ixqfwlrq1 Hylghqwo|/ wkhvh frqglwlrqv zloo eh
ixooohg lq pdq| fdvhv1 Lq rughu wr ghprqvwudwh wklv srlqw/ wzr vwdqgdug
h{dpsohv ri Frxuqrw0gxrsro| duh surylghg ehorz1 Erwk ihdwxuh olqhdu gh0
pdqg/ lq wkh uvw fdvh pdujlqdo frvw lv olqhdu/ dqg wkhuhiruh glvuhjdughg1 Lq
wkh vhfrqg pdujlqdo frvw lv txdgudwlf1 Lq erwk h{dpsohv wkh frqglwlrq hq0
vxulqj wkdw wkh irupdwlrq ri dq h{sruw fduwho zloo dhfw wkh grphvwlf pdunhw
dqwl0frpshwlwlyho| ++44, dqg +45, uhvshfwlyho|, lv ixooohg1
8 H{dpsoh 41 Frqvwdqw uhwxuqv wr vfdoh
Dvvxph wkdw wkhuh lv frqvwdqw uhwxuqv wr vfdoh/ z1o1r1j1 dvvxph wkdw wkh
pdujlqdo frvw lv }hur1 Wkh lqyhuvh ghpdqg fxuyhv duh dvvxphg wr eh olqhdu





Wkh v|pphwulf surw lv
Z
rE^c^





4;wkh surgxfwlrq ohyho shu up pd{pl}lqj wkh surwv lv ^ ' @
eKc dqg ^W ' @W
eKW

































@W  KW^W 
Iurp wklv zh fdq frqfoxgh wkdw li lw lv qrw srvvleoh wr vxvwdlq wkh prqrsro|
surgxfwlrq lq erwk pdunhwv vlqfh wkh lqfhqwlyh frqvwudlqw +8, lv elqglqj/ wkh
fduwho zloo surgxfh ohvv wkdq wkh prqrsro| surgxfwlrq lq erwk pdunhwv/ dv
^	 @
e K dqg ^W 	 @W































@W  eKW^W 
KW^W
@W  KW^W 	 f
Khqfh/ frqglwlrq +44, lv ixooohg/ dqg wkh lqwurgxfwlrq ri dq h{sruw fduwho
zloo uhgxfh surgxfwlrq lq erwk pdunhwv1
9 H{dpsoh 51 Lqfuhdvlqj pdujlqdo frvw
Wklv vhfwlrq ihdwxuhv d vsloo ryhu hhfw ehwzhhq wkh pdunhw wkurxjk mrlqw






4<zkhuh % lv wkh up*v wrwdo surgxfwlrq1 Wr nhhs irupxodv uhodwlyho| vlpsoh zh
zulwh wkh lqyhuvh ghpdqg fxuyhv






vr @:lpso| wkdw wkh grphvwlf pdunhw lv wkh odujhu pdunhw dqg @	wkh
rssrvlwh1 Wkh v|pphwulf surw lv Zr
Z
rE^c^



































Lq dq rswlpdo v|pphwulf wdflw0frooxvlrq zkhuh wkh lqfhqwlyh frqvwudlqwv duh
elqglqj zh kdyh wkdw ^	^ 4@  dqg ^W 	^ W4@ c lq wklv fdvh zh dovr kdyh wkdw
Zr
￿ dqg Zr
2 erwk duh qhjdwlyh1 Lq rughu iru vroxwlrqv wr eh lqwhulru/ zh dvvxph
wkdw *D 	@	D Wkh vlpxowdqhrxv ehvw uhso| lq erwk pdunhwv lv
-E^c^
W'





E  ^W  @ n ^
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H
	 f
53Qrwlfh dovr wkdw Z_
￿2 	 fcZ _
￿￿ : f dqg Z_
22 : f Wkh frqglwlrq iru dq rswlpdo
wuljjhu0vwudwhj| htxloleuxp +:, ehfrphv
  ^W  E@  ^
@  ^W  D^
'
@  ^  E  ^W
  ^  D^W















































































@  ^W  D^

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Dn2 e ^ Wn@
E @^ WD ^E^D^ W
$$
zklfk lv srvlwlyh xqghu wkh dvvxpswlrq wkdw ^W 	^ W 4@   Khqfh wkh ohiw
kdqg vlgh ri +45, lv srvlwlyh1 Orrnlqj dw wkh uljkw kdqg vlgh/ wkh odvw sduw lv
srvlwlyh1 Wkh uvw sduw uhgxfhv wr
#
D@ n2 e ^n
E  ^  D^WE@^ WD^
$
zklfk lv srvlwlyh1 Khqfh/ zh frqfoxgh wkdw lq wklv h{dpsoh frqglwlrq +45, lv
ixooohg/ dqg wkh lqwurgxfwlrq ri dq h{sruw fduwho uhgxfhv surgxfwlrq lq wkh
grphvwlf dv zhoo dv wkh h{sruw pdunhw1
54:F r q f o x g l q j u h p d u n v
H{sruw fduwhov duh ohjdo lq pdq| frxqwulhv1 W|slfdoo|/ wklv phdqv wkdw fduwho
djuhhphqwv duh dffhswhg/ exw frxuwv zloo qrw hqirufh wkh djuhhphqwv1 Wklv
sdshu kdv dujxhg/ wkdw wkh uljkw zd| wr frqfhlyh ri vxfk fduwhov/ lv wkdw wkh|
surylgh prqrwrulqj ri wkh sduwlflsdwlqj upv1 Wklv phdqv wkdw wdflw fro0
oxvlrq ehfrphv hdvlhu wr vxvwdlq dprqj wkh sduwlflsdwlqj upv1 Ghihfwlrqv
iurp frooxvlyh sod| duh ghwhfwhg idvwhu zkhq wkh upv duh lq d fduwho1 Ud0
wlrqdo surw pd{lpl}lqj upv zloo xvh wklv srvvlelolow| iru frooxglqj pruh
h!flhqwo| zkhuh lw sd|v ehvw1 Li wkh| upv dovr frpshwh lq wkh grphvwlf
pdunhw/ wkh vodfnhqlqj ri wkh lqfhqwlyh frqvwudlqw fdxvhg e| wkh h{sruw fdu0
who pd| eh xvhg surwdeo| wr frooxgh rq pruh surwdeoh surgxfwlrqv dovr lq
wkh grphvwlf pdunhw1 Wkh sdshu surylghv d frqglwlrq xqghu zklfk wklv lv
w k hf d v h 1 W k l vf r q g l w l r ql vq r wy h u |v w u l f wd q gl vi x o  o o h gl qw z rv w d q g d u g
h{dpsohv ri Frxuqrw0gxrsro| uhjdugohvv ri sdudphwhu ydoxhv1
Uhihuhqfhv
^4` Deuhx/ G +4<;;,= Wrzdugv d Wkhru| ri Glvfrxqwhg Uhshdwhg Jdphv/
Hfrqrphwulfd/ 89/ 6;606<9
^5` Dxtxlhu/ D1D1 dqg U1H1Fdyhv +4<:;,= Prqrsrolvwlf H{sruw Lqgxvwulhv/
Wudgh Wd{hv/ dqg Rswlpdo Frpshwlwlrq Srolf|/ Hfrqrplf Mrxuqdo/ ;</
ss 88<08;4
^6` Ehuqkhlp/ E1 G/ dqg P1 G1 Zklqvwrq +4<<3,= Pxowlpdunhw Frqwdfw
dqg Frooxvlyh Ehkdylru/ Udqg Mrxuqdo ri Hfrqrplfv/ 54/ qr1 4/ ss 40
5559
^7` Exorz/ M1L1/ M1G Jhdqdnrsrorv dqg S1G1 Nohpshuhu +4<;8,= Pxowlpdu0
nhw Roljrsro|= Vwudwhjlf Vxevwlwxwhv dqg Frpsohphqwv/ Mrxuqdo ri Sr0
olwlfdo Hfrqrp|/ <6/ qr1 6/ ss 7;;0844
^8` Glfn/ D1U1 +4<<5,=  Duh H{sruw Fduwhov H!flhqf|0Hqkdqflqj ru
Prqrsro|0Surprwlqj/ Uhvhdufk lq Odz dqg Hfrqrplfv/ ss ;<045:
^9` Glfn/ D1U1 +4<<9,= Zkhq duh Fduwhov Vwdeoh FrqwudfwvB/ Mrxuqdo ri
Odz dqg Hfrqrplfv/ 67/ ss 57405;6
^:` Iduuhoo/ M/ dqg H1 Pdvnlq +4<;<,=  Uhqhjrwldwlrq lq Uhshdwhg Jdphv/
Jdphv dqg Hfrqrplf Ehkdylru/ 4/ qr1 7/ ss 65:0693
^;` Iduuhoo/ M1/ dqg F1 Vkdslur +4<<3,= Krul}rqwdo Phujhuv= Dq Htxloleulxp
Dqdo|vlv/ Dphulfdq Hfrqrplf Uhylhz/ ;3/ qr1 4/ ss 43:0459
^<` Irxuqlhu/ O1W1 +4<65,= Wkh Sxusrvhv dqg Uhvxowv ri wkh Zhee0
Srphuhqh Odz/ Dphulfdq Hfrqrplf Uhylhz/ ss 4<066
^43` Mdftxhplq/ D1/ W1 Qdpex/ dqg L1 Ghzh}= +4<:<,=  D G|qldplf Dqdo0
|vlv ri H{sruw Fduwhov= Wkh Mdsdqhvh Fdvh/ Hfrqrplf Mrxuqdo/ <4/ ss
88<08;4
^44` Oduvvrq / G1 D1 +4<:3,=  Dq Hfrqrplf Dqdo|vlv ri wkh Zhee0Srphuhqh
Dfw/ Mrxuqdo ri Odz dqg Hfrqrplfv/ ss 7940833
^45` Vfkplgw/ N1 dqg P1 Vfkqlw}hu +4<<8,= Wkh Lqwhudfwlrq ri H{solflw dqg
Lpsolflw Frqwudfwv/ Hfrqrplfv Ohwwhuv/ 7;/ 4<604<<
56^46` Vkhuhu I1P1/ dqg G1 Urvv +4<<3,= Lqgxvwuldo Pdunhw Vwuxfwxuh dqg
Hfrqrplf Shuirupdqfh/ Krxjkwrq Pl"lq Frpsdq|/ Ervwrq1
^47` Vwrfnlqj/ J1Z1 dqg P1Z1Zdwnlqv +4<84,= Prqrsro| dqg Iuhh Hqwhu0
sulvh/ Qhz \run/ Wzhqwlhwk Fhqwxu| Ixqg1
57